To produce sufficient quantities of soluble T-cell receptor protein for detailed biochemical and biophysical analyses we have explored the use of immunoglobulin-T-cell receptor gene fusions. In this report we describe a chimeric gene construct containing a T-cell receptor a-chain variable (V) domain and the constant (C) region coding sequences of an immunoglobulin y2a molecule. Cells transfected with the chimeric gene synthesize a stable protein product that expresses immunoglobulin and T-cell receptor antigenic determinants as well as protein A binding sites. We show that the determinant recognized by the anticlonotypic antibody A2B4.2 resides on the Va domain of the T-cell receptor. The chimeric protein associates with a normal A light chain to form an apparently normal tetrameric (H2L2, where H = heavy and L = light) immunoglobulin molecule that is secreted. Also of potential significance is the fact that a T-cell receptor Vp gene in the same construct is neither assembled nor secreted with the A light chain, and when expressed with a CK region it does not assemble with the chimeric VaC.,2 protein mentioned above.
assemble with the chimeric VaC.,2 protein mentioned above.
This indicates that not all T-cell receptor V regions are similar enough to immunoglobulin V regions for them to be completely interchangeable.
The T-cell receptor (TCR) appears to recognize two ligands, a protein ofthe major histocompatibility complex (MHC) and antigen (1) (2) (3) . Thus, unlike most immunoglobulins that serve as the antigen receptors for B cells, the TCR does not recognize antigen alone but only in association with a MHC molecule. This property of the TCR is known as MHC restriction (1) (2) (3) (4) . The TCR is composed of a and P chains, which are encoded by immunoglobulin-like genes (5) (6) (7) (8) that rearrange to form a complete variable region exon from two or three gene segments: the variable (V), diversity (D), and joining (J) regions (9) (10) (11) (12) . This assortment of gene segments provides diversity in the T-cell repertoire, which is further increased by the addition ("N-region") and deletion of variable numbers of nucleotides at the V-D and D-J or V-J joints. The V domain is attached to an immunoglobulin-like constant (C) region domain, encoded by a single exon (11) (12) (13) (14) , with other exons encoding a hinge (13, 15) and transmembrane and cytoplasmic regions (11) (12) (13) (14) (15) . The a and p chains of the TCR are sufficient for recognition of antigen and MHC, since complementation to restore specificity occurs when a-or P-chain loss mutants are fused with each other (16) and because gene transfer of a and p chains from a T cell of known specificity into another T cell results in transfer of both specificities (17) .
Most of the amino acid residues that are found to be highly conserved in all immunoglobulin V regions are also found in TCR V regions, suggesting, as do secondary structure predictions, that folding of TCR and immunoglobulin V regions is very similar (18) (19) (20) (21) (22) . However, TCR V regions have significantly more primary sequence variability (18, 20, 22) , an increased apparent rate of divergence in phylogeny (18, 22) , and peaks of variability (hypervariable regions) (18, 22, 23) in addition to those noted in immunoglobulins. It Fig. 2 . L-chain construction. A chimeric L chain was prepared in a similar manner from a BamHI genomic K clone from the cell line MPC-11 (Fig. 1B) . The 5' part of the gene was prepared from the BamHI fragment partially digested with Aha III to delete the V region and about half ofthe LV intron. This was subcloned into pUC19 to provide a Sal I site at the 3' end. The downstream part of the gene from an Ava I site within JK4 to the BamHI site was subcloned into pUC19 as before and the two halves of the gene rejoined to form the L-chain cassette site. The rearranged genomic V2B4 (9) was subcloned to flank it with Sal I sites and cloned into the cassette site.
Because of a splicing artefact caused by the remnant of JK4 (24) , an "'600-base-pair (bp) deletion was made from the Pst I site used for the V02B4 subcloning to the Pst I site -270 bp downstream of JK5. Thus, the 5' Sal I site was lost from the finished construction used here but has been replaced in subsequent versions.
Alternate L-chain construction. A similar construct ( Fig.   1C ) containing the complete LpVs region but using the S107 K promotor and upstream sequences was also made. This gave identical results and the two constructions were used interchangeably.
The finished constructions, therefore, contain immunoglobulin leader and C region exons, but with TCR V regions and chimeric L-V introns (except Fig. 1C) , of approximately the same length as in the native immunoglobulin genes. The constructions were sequenced around the cassette sites to check that they were as predicted and were inserted into the eukaryotic expression vector pSV2AH.gpt either individually or together in opposite transcriptional orientations. This vector allows cells to be selected for expression of the Eco-gpt gene by resistance to mycophenolic acid. It is a derivative of pSV2.gpt (33, 34) , from which the HindIII site has been deleted.
Transfection and Analysis of Transfected Cell Lines. The Sp2/0 cell line was transfected with chimeric genes by protoplast fusion as described (34) . Sp2/0 is a derivative of a hybridoma that no longer makes immunoglobulin protein (35) . J558L is a mouse myeloma that produces and secretes a X-chain protein (34) . Transfected cells were selected in medium containing mycophenolic acid (GIBCO) ( Fig. 1 we preserved intact the known immunoglobulin regulatory sequences (promotor) 5' of the leader peptide exon (L) and 3' of the V exon (the enhancer: E in Fig. 1 ). We also wished to have a convenient cassette site for the insertion of various TCR V region exons, and for this reason we have engineered unique Sal I sites into the vectors (due to technical reasons, the Sal I site of the L-chain vector is now a Sal I to Pst I site; see Materials and Methods and ref. 24) . The TCR V regions derive from the T helper cell hybridoma 2B4 and have been described (9, 22) . This T cell recognizes a cytochrome c peptide in the context of a MHC class II molecule (I-Ek). The Vp exon derives from a clone isolated from a genomic library of 2B4 DNA (9), whereas the Vex exon is an artificial construction made by ligating synthetic oligonucleotides that mimic the 5' and 3' splice sites of known TCR Va and Jo sequences to fragments of a 2B4 VJa cDNA clone (22) (shown in Fig. 2 ). These synthetic oligomers join to sites within the coding region and end with Sal I "sticky ends" to allow insertion into the vector cassette site.
RNA transfer blot analysis of cells transfected only with L chain shows that chimeric L-chain mRNA is made at levels comparable to normal K gene expression (24) . In cells transfected with H-and L-chain chimeric genes, both Va and Vat genes were expressed as mRNA of the predicted size and were appropriately spliced, as determined by cDNA sequencing (N.R.J.G., unpublished). In both cases, the level of expression of the chimeric mRNA was far greater than the expression of 2B4 TCR mRNA (ref. 24 ; N.R.J.G., unpublished).
Lysates from immunoglobulin-negative Sp2/0 cells transfected with chimeric H and L genes were immunoprecipitated with goat anti-mouse IgG (GaMIg) antiserum on protein A-positive S. aureus cells (Pansorbin) or the Pansorbin alone. The results, shown in Fig. 3 , indicate that the transfected cells express both chimeric proteins-the major bands migrating close to the mouse immunoglobulin y2a and K markers. The chimeric L chain consistently migrates slower than the marker, with an apparent molecular mass of 29-31 kDa. The Pansorbin alone also precipitates the H chain but not the L chain. The unreduced portion of the gel shows that the H chain is precipitated by Pansorbin or GaMIg as a major species of -100 kDa, which indicates that the H chains exist in the cell as H2 dimers. Thus, the H chains associate with each other but not with the L chains. These transfectants do not secrete immunoglobulin protein, either by enzyme-linked immunosorbent assay (ELISA) (the detection limit in these experiments was 3-9 ng/ml) or immunoprecipitation (data (EH in Fig. 1 ) in the H-chain construct. The predicted mRNA splice donor and acceptor sequences are shown underlined. H chain indicates that the protein A binding region is assembled in the correct fashion. Secretion of Chimeric H Chain with Native X Chain. To distinguish between the H and L chains as the cause of the nonassociation of the chains, we transfected plasmids containing either the chimeric H-chain gene or both H-and L-chain genes into the cell line J558L, which makes and secretes a X chain. In both cases, ELISAs on supernatants revealed secretion of immunoglobulin at levels of 0.1-1 ttg/ml. Chain-specific reagents show that X but not K iS secreted (data not shown). Fig. 4A shows a lysate from a nonsecreting (Sp2/0) transfectant and lysate and supernatant from a secreting (J558L) transfectant immunoprecipitated with GaMIg. The X chain may clearly be distinguished from the VpCK chimera as a band of =26 kDa. The secreted material consists ofH and A chains only. The unreduced lanes show that, whereas there are no significant bands larger than H2 dimers in the Sp2/0 transfectant, there are two larger bands in the J558L-derived cells, the larger of which comigrates with unreduced mouse IgG2a control antibody and thus represents H2L2 tetramers. An intermediate band probably represents H2L molecules. Some of this species is found in the supernatant and probably represents a degradation product rather than secreted protein. Fig. 4B shows that Pansorbin (i.e., protein A) precipitates the secreted protein as well as the protein from the lysate. The VpCK protein is only immunoprecipitated from the lysate when GaMIg is used, confirming the result in Fig. 3 .
As these results suggest that the L-chain chimera is responsible for the lack of association and secretion, we tested the Vp exon in place of Va, in the H-chain vector as expressed in J558L. Of 40 transfectants, none was obtained that secreted detectable levels of immunoglobulin. Fig. 5 shows a VB3Cy2a transfectant and a control VaCy2a/VPCK transfectant (both in J558L). Although H and A chains are made, the VP3Cy2a H chains do not form H2 dimers, and the VBCy2a protein is not secreted. Note that little A chain is immunoprecipitated in the VBCy2a lane since it is not associated with H chain and the GaMIg antiserum reacts poorly with X chain.
Expression of a TCR Clonotypic Determinant by the V. Domain. A clonotypic monoclonal antibody made against the 2B4 hybridoma has been shown to precipitate the TCR a and /3 chains from that cell (36) . When this antibody is used to immunoprecipitate supernatants and lysates from transfectants that express chimeric H and K genes but secrete only H Proc. Natl. Acad Sci. USA 84 plus X protein, it is able only to precipitate the H plus X protein but not the VC3CK protein (Fig. 6) (39, 43) , by virtue of its mobility and the fact that it is coprecipitated by different H-chain-specific reagents, yet is apparently not covalently linked to the H chain.
In summary, we have described initial uses of a system designed to yield secreted protein for studies on the TCR 
